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The Colouring Problem

How many colours are needed to cover any map of countries such
that no neighbouring same-coloured countries?

Figure: N00B5L4YER’s r/mapporncirclejerk World Map [7]
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The Four Colour Theorem

Theorem: Four colours suffice [2, 3].

Figure: XalD’s Four-Coloured World Map [8]

Proof: Get a computer to check 1834 distinct cases.
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The Four Colour Theorem Problem

Proof: Get a computer to check 1834 distinct cases.

Problem: How do we check this proof?!

• How do we practically check 1834 different cases?

• How do we check that software is correct?

Solution: Write a smaller program to check that the software is
correct, and manually prove your smaller program correct.

This smaller program is a proof assistant.
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Proof Assistants

Proof assistants help with:

• Catching human mistakes

• Verifying critical software (“formal verification”)

Proof automation helps with:

• Menial proofs (e.g. 1834 cases)

• Accessibility of formal verification (⇒ safer code)
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Proof Assistants

Proof assistants help with:

• Catching human mistakes

• Verifying critical software (“formal verification”)

Proof automation helps with:

• Menial proofs (e.g. 1834 cases)

• Accessibility of formal verification (⇒ safer code)

Figure: The NASA Langley Formal Methods Research Program [1].
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Proof Assistants

Proof assistants help with:

• Catching human mistakes

• Verifying critical software (“formal verification”)

Proof automation helps with:

• Menial proofs (e.g. 1834 cases)
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Figure: The Dafny Programming and Verification Language [4].
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Proof Assistants

Proof assistants help with:

• Catching human mistakes

• Verifying critical software (“formal verification”)

Proof automation helps with:

• Menial proofs (e.g. 1834 cases)

• Accessibility of formal verification (⇒ safer code)

1 Theorem four_color m : simple_map m -> colorable_with 4 m.

2 Proof.

3 revert m;

4 exact (finitize.compactness_extension four_color_finite).

5 Qed.

Figure: Gonthier’s verified proof of the Four Colour Theorem [5, 6].
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How Do They Work?

So, how do proof assistants work?
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How Did They Work?

proof : statement.

Induction is recursion.

Automation makes this paradigm practical.
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Thx 4 watch

Thanks! (let’s have pizza)
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